Global surface temperature change is one of the most important aspects in global climate change research. In this study, in order to overcome shortcomings of traditional observation methods in meteorology, a new method is proposed to calculate global mean surface temperature based on remote sensing data. We found that (1) the global mean surface temperature was close to 14. are warming, global warming is yet controversial because it is cooling in the central and eastern regions of Pacific Ocean, northern regions of the Atlantic Ocean, northern regions of China, Mongolia, southern regions of Russia, western regions of Canada and America, the eastern and northern regions of Australia, and the southern tip of Africa. The analysis of daily and seasonal temperature change indicates that the temperature change is mainly caused by the variation of orbit of celestial body. A big data model based on orbit position and gravitational-magmatic change of celestial body with the solar or the galactic system should be built and taken into account for climate and ecosystems change at a large spatial-temporal scale.
Introduction
Many reports suggest that extreme floods, heat waves, droughts, and wildfires that occurred on a global scale over the past decade might be increased by climate change (Rahmstorf and Coumou, 2011) . For instance, the heat wave affecting Australia in the summer of 2013 brought extreme temperatures to most part of the Australian continent over a prolonged period. Climate change was a major driving force behind many extreme weather events that alternately scorched and soaked many countries in recent years. People often guessed ''this year is the warmest" or ''this year is the coldest". Numerous studies have been carried out to quantify the global temperature, which are usually based on data from meteorological stations (Hansen et al., 2010; Brohan et al., 2006; Smith et al., 2008; Ishihara, 2006; Rahmstorf and Coumou, 2011 ). There are four major global temperature indices that incorporate station data. These efforts are led, respectively, by NOAA's National Climate Data Center (NOAA NCDC), NASA's Goddard Institute of Space Sciences (NASA GISS), a collaboration between the University of East Anglia's Climatic Research Unit, the UK Met Office's Hadley Centre (CRU), and the Berkeley Earth Surface Temperature group. These groups individually utilize different averaging techniques, quality control procedures, homogenization techniques, and datasets, but all primarily rely on the Global Historical Climatology Network (GHCN) for their input data. The GHCN data collects data from about 7000 stations (Hansen et al., 1988 (Hansen et al., , 1999 (Hansen et al., , 2001 (Hansen et al., , 2006 Rayner et al., 2003; Fan and Dool, 2008; Jones et al., 1999) . The GISS achieved temperature show some differences. For example, GISS and NCDC indicate 2005 as the warmest year in their analyses, while HadCRUT has 1998 as the warmest year. The differences might be caused by two main factors: (1) the way that temperature anomalies are extrapolated, or not extrapolated, into regions without observing stations and (2) the ocean data sets that are employed different by different studies. The detail analysis can be referred to reference (Hansen et al., 2010) .
Most analysis concerns only temperature anomalies, not magnitude temperature. Temperature anomalies are computed relative to the base period 1951 -1980 (Hansen et al., 2006 , 2012 . The reason for the focus on anomalies rather than absolute temperature is because absolute temperature varies markedly in space, while monthly or annual temperature anomalies are representative of a much larger region. It is very difficult to determine the annual mean of absolute temperature because temperature variations are different in different regions. The number of ground observation sites is insufficient, especially in mountainous regions, ocean regions, and the Polar regions. Hansen and Lebedeff have shown that surface air temperature anomalies are strongly correlated to distances of the order of 1000 km (Hansen and Lebedeff, 1987) . To compensate for sea temperature observations, the surface temperature from satellite sensors (NOAA/AVHRR) is used as a supplement (Hansen et al., 1999) . Additional in situ and satellite data improve the accuracy of a blended (in situ and satellite) sea-surface temperature (SST) (Brohan et al., 2006; Smith et al., 2008; Reynolds et al., 2005) . The surface temperature retrieved from satellites is different from near surface air temperature. The surface brightness temperature is influenced by surface emissivity far more than near surface air temperature. Generally speaking, surface temperature varies from point to point on the ground, and ground measurements are generally point measurements. The location of observation sites therefore, has some influence on the measurements. Hansen et al. (2010) tested alternative choices for the ocean data, and showed how global temperature changes were sensitive to estimated temperature changes in polar region where observations are limited. For some meteorological observations, it is difficult to guarantee consistent data recording and proofreading because meteorological observations are made different in many nations. For a more detailed discussion, we can find more information from the The Elusive Absolute Surface Air Temperature (http://data.giss.nasa.gov/ gistemp/abs_temp.html).
The history of surface temperature retrieval from remotely sensed thermal infrared (TIR) data dates back to the 1970s (McMillin, 1975) . To improve the estimating surface temperature from satellite thermal data, many studies have been carried out, and different algorithms have been proposed to eliminate the influence of emissivity and atmospheric (Becker and Li, 1990; Gillespie et al., 1998; Hook et al., 1992; Kealy and Hook, 1993; Kerr et al., 1992; Pozo et al., 1997; Price, 1983 Price, , 1984 Qin et al., 2001; Susskind et al., 1984; Wan and Dozier, 1996; Jiménez-Muñ oz and Sobrino, 2003; Mao et al., 2005 Mao et al., , 2007 . Li et al. (2013a,b) evaluated the advantage and disadvantage of different algorithms in details. NASA has two polarorbiting Earth Observing System (EOS) satellites (Terra and Aqua) with one satellite passing the equator in the morning (10:30) and evening (22:30) and the other passing the equator in the afternoon (13:30) and late morning (1:30). The reason to have them is on a sun-synchronous, and near-polar orbit is that they can travel from the North Pole to the South Pole on the sunlit side as the Earth rotates below it. As result, they pass over Earth at approximately the same local time each day to ensure comparable daylight conditions during a day. Moderate Resolution Imaging Spectroradiometer (MODIS) instruments are on board these two satellites, with 36 bands available including 8 thermal infrared bands designed for retrieving of sea surface temperature (SST) and land surface temperature (LST). Two algorithms are used by NASA officially for global surface temperature retrieval from MODIS data (Wan and Dozier, 1996; Wan and Li, 1997) , which in total provide four daily global surface temperature coverages. NOAA has two similar meteorological satellites AVHRR with two thermal bands which can accurately retrieve sea surface temperature. Thus people tend to use the SST obtained from AVHRR to supplement ocean surface temperature in previous studies (Hansen et al., 1999; Brohan et al., 2006; Fan and Dool, 2008) .
Remote sensing can quickly obtain surface temperature over large area, and it has been standardized to keep consistency and ensure accuracy. MODIS can provide highly accurate estimation of land and sea surface temperatures (Wan et al., 2004; Peter et al., 2006; Wan, 1999) , which overcome disadvantages of Combined Land-Surface Air and Sea-Surface Water Temperature Index (Land-Ocean Temperature Index). Therefore the surface temperature obtained from MODIS can help us to accurately determine the surface temperature at different regional scale, which is an important input parameter for various models (like global climate change and ecology).
Methods
The satellite sensors provide frequent global coverages to ensure the consistency of the retrieved surface temperature and overcome disadvantages of Combined LandSurface Air and Sea-Surface Water Temperature Index (Land-Ocean Temperature Index). The resolution of MODIS thermal bands is 1000 m. The algorithms for retrieving surface temperature from MODIS are mature and NASA has provided the surface temperature product (Wan and Li, 1997; Brown et al., 1999) . The surface temperature algorithm and products have been validated in many studies, and there are quality controls for each pixel which has become a standard (Wan et al., 2004; Wan, 2008) .
There are seven MODIS LST products, including MOD11_L2, MOD11A1, MOD11B1, MOD11A2, MOD11C1, MOD11C2, and MOD11C3 (Wan, 2008) . Different products are generated for different application targets using daily cloudless data. Three products are used in this study. The third product (MOD11B1) is a tile of daily LST and emissivities at 6 km spatial resolution, which is generated by the day/night LST algorithm (Wan, 2008) . The fifth product (MOD11C1) is a global daily LST in a geographic projection, which is generated by assembling the MOD11B1 daily tiles together and resampling the SDSs from 6 km resolution to the 0.05°Climate Modeling Grid (CMG). The seventh product (MOD11C3) is monthly CMG LST, which is averaged from temperatures and emissivity values in the MOD11C1 product. MODIS SST has four products, SST at 1-km (Level 2) and 4.6 km, 36 km, and 1°(Level 3) resolutions with an assessment mask. The Level 2 product is generated daily and has a global coverage. It is used to generate the gridded Level 3 products at daily, every 8 days, monthly, and yearly scale in day and night conditions. The values of temperature are interpolated or extrapolated for cloudy grids. An assessment band is provided for each data set, and more description can be inWan et al. (2004) and Wan (2008) . We have calculated global surface temperature from MODIS data more consistency to determine which year is the warmest or coldest. Eq. (1) is used to compute mean spatial daily temperature at time t (1: 30, 10:30, 13:30, 22:30) .
where T mj is the mean temperature of pixel j at time t, and i is the day of the year. Eq. (2) is used to compute the global mean surface temperature at time t. 
where T m is the mean surface temperature. The daily mean temperature from 2001 to 2012 in various times (1:30, 10:30, 13:30, 22:30) is computed from MODIS surface temperature product, and the results is shown in Table 1 .
As shown in Fig. 1 , the daily mean temperature in various times (1:30, 10:30, 13:30, 22:30) is stable from 2001 to 2012. Assuming the warmest and coldest time are 14:00 and 4:30 respectively, we calculate the highest and lowest temperature of the day using Eq. (4a) for points a and b, (4b) for points c and d. The daily maximum and minimum mean temperature are 16.852°C and 12.14°C respectively.
After making some analysis, we found that the whole function of global surface temperature change cannot be precisely described by a sine function. So we use a polynomial function to fit the daily mean temperature, and get the curve in Fig. 2, and We assume that the times of minimum and maximum temperature are 4:00 and 15:00, and get daily maximum mean temperature (16.9439°C) and daily minimum mean temperature (12.17356°C). Two fitted Eq. (6) are obtained. 
Eq. (5) or (6) can be used to obtain hourly mean temperature in a day. Eq. (7) is used to compute the absolute daily mean surface temperature (T am ). Table 2 is the hourly mean temperature. Comparing the daily mean temperature in Table 2 with Table 1 , we found the difference of mean temperature is between 0.04°C and 0.17°C, and can conclude that the global mean temperature can be approximately calculated by Eq. (3). Since the observation time is symmetrical, the global mean surface temperature is more approximate to absolute mean surface temperature because of the high coverage of satellite data. The daily mean surface temperatures are calculated by Eq. (3) for ocean, land and globe, 2 hemispheres, 7 continents, and 4 oceans.
Results
Gridded surface temperature can be obtained in various times (1:30, 10:30, 13:30, 22:30) during the day. Fig. 3 is spatial distribution of daily mean temperature in various Since the observation time is symmetrical, the global mean surface temperature approximates to absolute mean surface temperature because of the frequent coverage of satellite data. Terra and Aqua satellites are launched by NASA in 1999 and 2002 respectively. Fig. 4 shows the spatial distribution of global mean surface temperature from 2001 to 2012, indicating that the highest temperature is located between 50°N and 50°N, and the lowest temperature is in Antarctica.
NASA-GISS, HadCRUT3, NOAA-NCDC and Japan Meteorological Agency (JMA) made four independent analyses with periods of records extending back to the mid-to-late 1800s (Hansen et al., 2010; Brohan et al., 2006; Smith et al., 2008; Ishihara, 2006) , and the warmest year cannot be certainly determined. According to NOAA scientists, 2010 tied with 2005 are the warmest years in the global surface temperature record since 1880 (NOAA, 2010), while the United Kingdom archive places 2005 second behind 1998 (Shein et al., 2006) . Two main reasons may be responsible for inconsistency. One is that the observation sites are inadequate and unevenly distributed, and the other is that the Sea-Surface Water Temperature Index (Land-Ocean Temperature Index) is obtained from NOAA/AVHRR, which provides SST twice a day (Hansen et al., 1999) . Although the diurnal difference in mean sea surface temperature is within 1°C, this difference is sufficient to cause such uncertainty. MODIS data can provide surface temperature four times a day, allowing better estimation of the daily temperature, which is reliable to determine the warmest and coldest years globally and region. Therefore, we computed the annual mean temperature for ocean, land, and the globe from 2001 to 2012, which is shown in Table 3 . The global mean surface temperature is 14.46°C computed from MODIS data ( Table 1) . We proposed a method to calculate mean surface temperature based on remote sensing data and global absolute mean temperature is close to 14.35°C (the mean in Table 2 Table 3 shows that the global warming trend is weak and insignificant in recent twelve years.
The surface temperature is also different in the two hemispheres (Table 3 ). The mean surface temperature of the Northern Hemisphere is 15.69°C, and the warmest and coldest years are 2002 and 2001, respectively. The mean surface temperature of the Southern Hemisphere is 13.25°C, and the warmest and coldest years are 2005 and 2002, respectively. Higher temperature in the Southern Hemisphere in 2005 has greatly contributed to the high global mean temperature. In the past twelve years, the Southern Hemisphere is warming (P = 0.0129°C/year), while the Northern Hemisphere is slightly cooling (P = À0.0053°C/ year).
The mean surface temperatures of seven continents are also different (Table 3) nents, only Oceania is cooling in the recent twelve years (P = À0.0685°C/year). The surface temperatures of the four oceans are very different from the continents ( Table 3) In order to get the global change rate of surface temperature in detail, a linear regression has been conducted using every pixel from 2001 to 2012, and the slope is used to represent the change rate of the surface temperature (Fig. 5a) . Fig. 5b is the distribution map of correlation coefficient, and the correlation coefficient is also very high in the place Fig. 6 . It is interesting to find that the surface temperature changes significantly from the spring season (March-May) to the winter season (December-February) in the northern hemisphere. Especially in winter, temperature changes are particularly evident in the northern hemisphere. On the contrary, the inter-seasonal surface temperature change is not obvious in the southern hemisphere. The seasonal variations of surface temperature are mainly affected by the Earth's revolution.
The change trends of the global surface temperature by seasons are given in Fig. 7 , and Fig. 8 is the distribution map of correlation coefficient by seasons from 2001 to 2012. There is a yearly decreasing trend in the north-east part of North America and Eastern Australia, and a yearly increasing trend in north-west of North America and North Asia. It is decreasing obviously in Greenland in the spring and autumn, while it is increasing in Greenland in summer and winter. In Antarctica, the surface temperature is decreasing in the spring, while it is increasing in the summer and autumn. Mao et al. (2016a,b) analyzed the change of global water vapor and vegetation, and found that vegetation, water vapor content and surface temperature increased simultaneously in the northern high latitude regions. The increase of atmospheric water vapor and temperature increase is the main reasons for the increase of vegetation, especially in winter and spring (shown in Figs. 7 and 8) . The global carbon dioxide is increasing, while the global temperature is fluctuating in recent years. There are two main reasons. The one is that the global vegetation change is the bridge among the temperature and water vapor content and carbon dioxide (CO 2 ), and global vegetation through the water vapor and carbon dioxide to regulate the global temperature change, and the other reason is that the global water vapor content is decreasing (Mao et al., 2016a,b) . Earth's daily temperature change is determined by the Earth's rotation, and the Earth's temperature change from spring to winter is due to the Earth revolution around the Sun. The Earth's inter-annual temperature change is determined by the revolution of the other stars inside the solar system, and the longer period of temperature change is determined by the revolution of the solar system. In a word, the temperature change is mainly determined by the variation of orbit of celestial body, and carbon dioxide has little effect on global temperature changes. We proposed to build a big data model based on orbit position and gravitational-magmatic change of celestial body with the solar or the galactic system, and the principal of this model is that the climate and ecosystem changes such as temperature and water cycle are mainly determined by the Earth's orbit position in the solar and galaxy system which indirectly affects the temporal and spatial variation of vegetation at large scale (Mao et al., 2015 (Mao et al., , 2016a . There might be more contributing factors to affect the temperature, which requires further attention.
Discussion and conclusion
Global climate change is in the hot topic. Surface temperature change is one of the most important aspects. Previous research primarily relies on ground observations, but limited by the available of observation sites. For security reasons, stations in most countries just provide mean, maximum, and minimum temperature causing large uncertainty. Satellite remote sensing can overcome these shortcomings and ensure the consistency of measurement. Therefore, it is very important to use remote sensing technology for obtaining surface temperature over large area. This method based on remote sensing technique will greatly impact climate change research and even for the satellite design. There are also three shortcomings of satellite remote sensing technology. One is that satellites have life cycle, and the number of measurements for globe per day is not enough. The other is that the accuracy of some sensors needs to be further improved. AVHRR/NOAA are not suitable very well to be used to do this work because it cannot retrieve accurately land surface temperature, and the thermal sensors at satellite should be designed like MODIS in Terra and Aqua.
This study uses the surface temperature obtained from remote sensing data, and a new method is proposed to calculate the mean surface temperature. The global mean surface temperature is 14. Temperatures for the two hemispheres, the seven continents, and the four Oceans are also obtained. In the recent twelve years, the global warming trend is weak and insignificant, and the surface temperature in Northern hemisphere is decreasing slightly, while is increasing slightly in Southern Hemisphere.
The seasonal variations of surface temperature indicated that there is a year-round decreasing trend in the north-east part of North America and Eastern Australia, while a yearly increasing trend is found in north-west of North America and North Asia. It is decreasing clearly in Greenland in the spring and autumn, while it is increasing in Greenland in summer and winter. In Antarctica, the surface temperature is decreasing in the spring, while it is increasing in the summer and autumn. The change in temperature at different times per day is determined by the Earth's rotation, and the seasonal variations of surface temperature are mainly determined by the Earth's revolution. The Earth's inter-annual temperature changes are determined by the revolution of the stars in the solar system, and the longer period of temperature change is determined by the revolution of the solar system. A big data model should be built based on orbit position and gravitational-magmatic change of celestial body with the solar or the galactic system.
